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Submicron-thick thin-film lithium niobate (TFLN) has emerged as a promising platform for nonlinear integrated
photonics. In this work, we demonstrate the efficient simultaneous generation of broadband 2nd–8th harmonics
in chirped periodically poled (CPP) TFLN. This is achieved through the synergistic effects of cascaded χ �2� non-
linear up-conversion and χ �3� self-phase modulation, driven by near-infrared femtosecond pulses with a central
wavelength of 2100 nm and a pulse energy of 1.2 μJ. Remarkably, the 7th and 8th harmonics extend into the deep
ultraviolet (DUV) region, reaching wavelengths as short as 250 nm. The 3rd–8th harmonic spectra seamlessly
connect, forming a broadband supercontinuum spanning from the DUV to the visible range (250–800 nm,
−25 dB), with an on-chip conversion efficiency of 19% (0.23 μJ). This achievement is attributed to the
CPP-TFLN providing multiple broadband reciprocal lattice vector bands, enabling quasi-phase matching for
a series of χ �2� nonlinear processes, including second harmonic generation (SHG), cascaded SHG, and third har-
monic generation. Furthermore, we demonstrated the significant role of cascaded χ �2� phase-mismatched non-
linear processes in high-harmonic generation (HHG). Our work unveils the intricate and diverse nonlinear optical
interactions in TFLN, offering a clear path toward efficient on-chip HHG and compact coherent white-light
sources extending into the DUV. © 2025 Chinese Laser Press

https://doi.org/10.1364/PRJ.558257

1. INTRODUCTION

High-harmonic generation (HHG) is a hallmark phenomenon
of extreme nonlinear optics (typically in the non-perturbative
regime, beyond the scope of traditional χ�n� processes). Initially,
HHG was demonstrated in atomic gases [1], where high-
peak-power ultrafast laser pulses interact with atomic gases
and plasmas to generate high-order harmonics extending into
the extreme ultraviolet and soft X-ray regions [2–4]. This
breakthrough directly advanced attosecond science and led
to widespread applications in nanoscale structural imaging
[5,6], molecular orbital probing [7,8], and attosecond transient
absorption in both solid and gas phases [9,10]. In the past de-
cade, HHG in solids has garnered significant attention due to
its ability to enable more compact and efficient ultrafast pulse
sources, offering new approaches for probing band struc-
tures [11–16].

Although HHG in the non-perturbative regime can pro-
duce very high-order harmonics and short-wavelength photons,
its conversion efficiency remains inherently low compared to
traditional χ�2� nonlinear optical processes. Furthermore, it re-
quires extremely high peak power densities, making it imprac-
tical for chip-scale photonic devices [13]. Since the invention of
the laser, χ�2� nonlinear optical effects, such as second harmonic
generation (SHG), sum-frequency generation (SFG), and op-
tical parametric amplification, have been widely employed to
extend and expand the frequency range of lasers [17–20].
Cascaded χ�2� nonlinear up-conversion provides an efficient
method for transferring pump laser energy to shorter wave-
lengths and is another effective strategy for achieving HHG
[21–23]. In 2015, we demonstrated HHG up to the 8th order
in a single lithium niobate (LN) crystal through broadband
quasi-phase matching (QPM) [24]. Subsequently, Hickstein
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et al. successfully achieved HHG up to the 13th order in a
micron-scale LN waveguide based on the same concept [25].

Recently, thin-film lithium niobate (TFLN) has emerged as
a promising ultralow-loss nonlinear integrated photonics plat-
form [26–32]. A wide range of optical applications, including
broadband frequency conversion [33–35], supercontinuum
generation (SCG) [36–39], frequency comb generation
[40–42], and entangled photon pair generation [43–45], have
been demonstrated in TFLN-based devices such as waveguides,
micro-disks/micro-ring resonators, and nanocavities. However,
research on HHG in the perturbative nonlinear optical regime
within TFLN remains limited. The primary challenge lies in
achieving phase matching for a variety of nonlinear up-
conversion processes, such as SHG, cascaded SHG, and
SFG, simultaneously. This imposes stringent demands on
dispersion engineering and domain engineering in QPM-
TFLN waveguides.

In this work, we design and fabricate high-quality, uniform
reverse-domain structures in TFLN waveguides. These domain
structures provide broadband reciprocal lattice vectors (RLVs),
enabling phase matching for a series of cascaded χ�2� nonlinear
up-conversion processes. By leveraging the synergistic effects of
χ�2� and χ�3� nonlinearities, we demonstrate, for the first time,
the efficient simultaneous generation of broadband 2nd–8th

harmonics in a chirped-periodically poled (CPP) TFLN wave-
guide, pumped by near-infrared femtosecond pulses.
Remarkably, we observed deep ultraviolet (DUV) signals well
below the intrinsic absorption edge of LN (320–350 nm). The
spectra of the 3rd–8th harmonics seamlessly combine to form
an octave-spanning supercontinuum covering the DUV-visible
range (250–800 nm, −25 dB), with an on-chip conversion ef-
ficiency up to 19% (0.23 μJ). Additionally, we discover that
effective HHG is not only highly dependent on phase-matched
cascaded χ�2� nonlinear up-conversion processes, but also on
the significant role of phase-mismatched cascaded processes.
Our work demonstrates the enormous potential of the
TFLN platform for high-efficiency HHG, offering a novel
pathway for the development of compact, on-chip ultrafast,
and short-wavelength coherent light sources.

2. PRINCIPLE

Figure 1(a) illustrates the principle of broadband HHG in a
TFLN waveguide utilizing cascaded χ�2� nonlinear up-conver-
sion and together with χ�3� self-phase modulation (SPM) proc-
esses. The core of this scheme is to achieve phase matching for
various three-wave mixing processes, including SHG, cascaded
SHG, and SFG over a broadband pumping wavelength range,

Fig. 1. (a) Schematic of broadband SHG, THG, and HHG via a pumped femtosecond pulse laser under the influence of cascaded χ�2� nonlinear
up-conversion and χ�3� SPM. (b) Schematic of phase matching for SHG, THG, and HHG through QPM. β1 and βi represent the wave vectors of
the FW and the ith harmonic, respectively. (c) Schematic of the TFLN waveguide structure used for HHG, with a thickness of 600 nm. (d) Optical
microscope image of the poled TFLN surface after hydrofluoric acid etching. The green areas represent the reversed domains. (e) Variation of the
TFLN poling period with propagation distance. (f ) and (g) Calculated distributions of the d eff as a function of the RLVs for the designed CPP-TFLN
waveguide, along with the phase-mismatch curves for each HG during χ�2� nonlinear up-conversion.
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as shown in Fig. 1(b). Among these, phase matching for the
generation of low-order harmonics must be prioritized, as it
is a prerequisite for the generation of higher-order harmonics.
Due to the birefringence effect, mode-phase matching cannot
be achieved across such numerous cascaded processes.
Therefore, broadband QPM must be introduced in the
TFLN waveguide.

Figure 1(c) shows the design of the z-cut CPP-TFLN planar
waveguide employed in this study, with a thickness of 600 nm
and a length of 6 mm. Along the y-propagation direction, the
poling period is modulated according to the formula
Λ�y� � Λ0∕�1� �DcΛ0y∕2π��, where Λ0 is the initial period
and Dc is the chirp rate. An effective nonlinear coefficient
model can be used to evaluate the performance of various non-
linear up-conversion in the CPP-TFLN [46,47]. Here we set
Λ0 � 8.7 μm and Dc � 250 μm−2, ensuring that the poling
period gradually decreases from 8.7 μm to 2.8 μm, as shown
in Fig. 1(e). Through the use of high-voltage pulse poling tech-
niques and careful optimization of the polarization electrode
design, we successfully achieved duty cycles of approximately
50% across different poling periods. Figure 1(d) presents an
optical microscope image of the reversed domain structure.

Figures 1(f ) and 1(g) display the Fourier transform spec-
trum of the CPP-TFLN waveguide. The spectrum reveals three
important RLV bands: the B1 band, spanning 0.7−2.2 μm−1,
the B2 band, spanning 2.2−6.7 μm−1, and the B3 band, which
lies beyond 2.2 μm−1. Among these, the B1 band has the larg-
est effective nonlinear coefficient d eff , approximately 0.017
times d 33, while the d eff in the other bands are smaller.
Notably, although these d eff are much smaller than those in
LN, the strong light confinement in TFLN and the high peak
power of the pump femtosecond laser still result in significant
χ�2� nonlinear interactions.

To better clarify the QPMmechanism in the designed CPP-
TFLN, we present the phase mismatch curves for the genera-
tion of 2nd–5th harmonics and the generation of 6th–8th
harmonics relative to the pump fundamental wave (FW) in
Figs. 1(f ) and 1(g), respectively. The wave vector mismatch
Δβ for different nonlinear frequency conversion processes
responsible for each HG is defined in Table 1. When a specific
Δβ is compensated by the appropriate RLV bands Gm (where

Gm � m2π∕Λ0, and m represents the QPM order), effective
QPM can be achieved. As shown in Fig. 1(f ), the combined
effects of the B1 and B2 bands enable the generation of
2nd–5th harmonics over a broad pump wavelength range of
1.5–4 μm. Specifically, the B1 band supports SHG across
1–4 μm, THG across 1.5–4 μm, 4th HG across 2–4 μm,
and 5th HG across 2.46–4 μm. The B2 band supports
THG across 1–1.5 μm, 4th HG across 1.25–2 μm, and 5th
HG across 1.5–2.46 μm, filling the gap left by the B1 band.
Similarly, Fig. 1(g) shows that, with the combined effects of the
B1–B3 bands, 2nd–8th HG can be achieved across the mid-
infrared pump range. Notably, only the interaction between the
transverse magnetic (TM) fundamental modes of each har-
monic is considered here, as the TM mode can simultaneously
utilize the largest nonlinear coefficient d 33 and the largest
mode overlap area, thereby achieving the highest conversion
efficiency.

3. EXPERIMENT AND DISCUSSION

The experimental setup is shown in Fig. 2(a). The near-infrared
(NIR) pump source is a femtosecond optical parametric ampli-
fier (TOPAS Prime-F, Spectra-Physics), which offers tunable
wavelengths. A short-focus calcium fluoride cylindrical lens fo-
cuses the pump light into a light sheet, enabling efficient
coupling into the TFLN waveguide, which is mounted on a
three-dimensional adjustable displacement platform for precise
alignment. The output spectrum is recorded using two fiber
spectrometers (Maya 2000Pro, 200–1100 nm, and NIR
Quest, 900–2500 nm; Ocean Optics). The pump wavelength
was set to approximately 2100 nm, with the pump energy fixed
at 60 μJ. The coupling efficiency in the experiment was approx-
imately 2%, corresponding to 1.2 μJ of energy coupled into the
TFLN waveguide—an impressive value, enabled by the large
cross-section of the TFLN waveguide, which tolerates micro-
joule-level energies without optical damage. Figure 2(b) shows
the emitted spot profile at the end of the TFLN waveguide,
captured on a screen placed approximately 5 cm from the wave-
guide facet. The emitted spot profile is symmetrically distrib-
uted about the end face of the waveguide, consistent with the
characteristics of planar waveguide output. A strong white light
in the center is visible to the naked eye, indicating a rich spec-
tral composition in the visible region.

A detailed spectral analysis was conducted using the spec-
trometers. As shown in Fig. 2(c), the pump pulse undergoes
significant spectral broadening during propagation through
the TFLN waveguide due to SPM, providing additional fre-
quency components that drive the cascaded χ�2� nonlinear
up-conversion processes. The harmonic spectrum is shown
in Fig. 2(d). Five distinct spectral bands were observed within
the 320–1100 nm range, with peak wavelengths near 1050 nm,
700 nm, 525 nm, 420 nm, and 350 nm, corresponding to the
2nd–6th harmonics of the FW pump light. Remarkably, the
spectra of the 3rd–8th harmonics are nearly gap-free, forming
an octave-spanning supercontinuum in the DUV-visible range.
Excitingly, DUV signals with wavelengths as short as 250 nm,
corresponding to the 7th and 8th harmonics, were detected be-
low the strong absorption edge of LN (320–350 nm). These

Table 1. Wave Vector Mismatch (Δβ) for Different
χ �2� Nonlinear Up-Conversion Processes Contributing
to Each HGa

HHG
Phase Mismatching in Three-Wave

Mixing Processes

2nd HG Δβ1 � β2 − 2β1
3rd HG Δβ2 � β3 − β2 − β1
4th HG Δβ3 � β4 − β3 − β1, Δβ4 � β4 − 2β2
5th HG Δβ5 � β5 − β4 − β1, Δβ6 � β5 − β3 − β2
6th HG Δβ7 � β6 − β5 − β1, Δβ8 � β6 − β4 − β2,

Δβ9 � β6 − 2β3
7th HG Δβ10 � β7 − β6 − β1, Δβ11 � β7 − β5 − β2,

Δβ12 � β7 − β4 − β3
8th HG Δβ13 � β8 − β7 − β1, Δβ14 � β8 − β6 − β2,

Δβ15 � β8 − β5 − β3, Δβ16 � β8 − 2β4
aβi represents the wave vector of the ith harmonic.
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represent the shortest wavelengths and highest-order harmonics
ever observed on a submicron TFLN waveguide.

The spectral results highlight the critical role of the broad-
band QPM in the designed CPP-TFLN, validating the RLV
band analysis shown in Figs. 1(f ) and 1(g). Specifically, across
the entire broadband pump range, the phase mismatch curves
for SHG (Δβ1), THG (Δβ2), and 4th HG (Δβ3, Δβ4) overlap
with the B1 band. This indicates that all frequency components
of the broadband FW can achieve QPM for 2nd–4th HG,
ensuring efficient utilization of pump energy. The phase

mismatch curves for 5th HG (Δβ5, Δβ6) and 6th HG (Δβ7,
Δβ8, Δβ9) overlap with the B2 band, enabling phase-matching
of 5th and 6th HG. Despite the relatively lower d eff of the B2
band, the high conversion efficiency of the 2nd–4th harmonics
ensures considerable output for the 5th and 6th harmonics.
Similarly, the phase mismatch curves for 7th HG (Δβ10,
Δβ11, Δβ12) and 8th HG (Δβ13) are compensated by the B3
band, enabling the generation of 7th and 8th harmonics.

Surprisingly, although the spectrum of the 7th and 8th
harmonics extends beyond the transparency window of LN,

Fig. 2. HHG in the CPP-TFLN waveguide. (a) Schematic of the experimental setup for HHG. HWP, half-wave plate; POL, polarizer.
(b) Photograph of the light pattern at the end of the TFLN waveguide. (c) Spectral broadening of the pump laser pulse as it propagates through
the TFLN waveguide. (d) Broadband 2nd–8th HG in the TFLN waveguide with a pump energy of 1.2 μJ and a central wavelength of 2100 nm via
cascaded χ�2� nonlinear frequency up-conversion and χ�3� SPM. (e) and (f ) Simulation results of the output spectra. The red curve indicates the
initial pump pulse.
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significant spectral signals are still detected. This can be attrib-
uted to two factors. The first is the high conversion efficiency of
the HHG process. Although LN exhibits strong absorption in
the UV region, sufficiently high conversion efficiency can still
yield observable signals even after partial attenuation. The sec-
ond is the short propagation distance of UV signals. It is im-
portant to note that our HHG scheme is based on cascaded χ�2�

nonlinear up-conversion. As the pump pulse propagates
through the waveguide, lower-order harmonics are generated
first and then participate in further cascaded interactions to
produce higher-order harmonics. Consequently, the 7th and
8th harmonic signals are predominantly generated near the out-
put facet of the waveguide. This results in a minimal propaga-
tion path for these UV components inside the TFLN
waveguide, thereby reducing absorption losses and allowing de-
tectable UV output below the material’s typical transparency
window.

To quantify the conversion efficiency for each harmonic, the
output light was spectrally filtered using a bandpass filter and
measured with an energy meter. The total energy of the 3rd–
8th harmonics (250–800 nm) was measured to be 0.23 μJ, cor-
responding to an on-chip conversion efficiency of 19%. This is
a remarkable efficiency, significantly exceeding typical HHG
conversion efficiencies reported in gases and solids.
Specifically, the on-chip conversion efficiencies for the 3rd–
6th harmonics were 13.79%, 3.98%, 0.9%, and 0.11%,
respectively, while the 7th and 8th harmonics exhibited effi-
ciencies of 0.07%. It is worth noting that due to relatively large
mode mismatch and Fresnel reflections at the waveguide facets,
the overall coupling efficiency was approximately 2%, leading
to a total external conversion efficiency of only 0.38%.
Nevertheless, the on-chip conversion efficiency serves as a di-
rect indicator of the intrinsic nonlinear frequency conversion
capability of the waveguide, which is the primary focus of this
study.

The broadband and efficient HHG observed is a result of
the synergistic effect of χ�2� and χ�3� nonlinearities. When the
pump energy and conversion efficiency are sufficiently high,
the generated harmonics still have sufficiently high intensity
to trigger further SPM and other χ�3� nonlinear processes,
broadening their spectra even further. To better illustrate the
critical role of both χ�2� and χ�3� nonlinearities in the HHG
process, we performed numerical simulations of the spectral
evolution of the pump pulse as it propagates through the
CPP-TFLN waveguide. The simulation is based on an unidi-
rectional propagation equation that simultaneously includes
cascaded χ�2� and χ�3� nonlinearities [48]. As shown in
Figs. 2(e) and 2(f ), the simulation results exhibit good agree-
ment with the experimental results in the spectral features over
a wide wavelength range. The broadband FW spectrum, broad-
ened by SPM, and the broadband 2nd–8th harmonic spectra,
generated by the combined effects of cascaded χ�2� nonlinear-
ities and χ�3� SPM, are clearly visible.

To further elucidate the role of the CPP structure, we mea-
sured the output spectrum of another TFLN waveguide with
an identical geometric configuration but without any domain
structure modulation, under the same pump conditions.
As shown in Fig. 3, the output spectrum from this unpoled

waveguide only exhibits narrowband signals corresponding
to phase-mismatched SHG and THG, along with an extremely
weak 4th-harmonic component. No harmonic signals beyond
the 4th order were observed.

We further measured the output spectra at varying pump
energies to illustrate the critical roles of synergistic effect of
χ�2� and χ�3� nonlinearities in the broadband HHG process.
As shown in Fig. 4(a), at low pump energy (0.2 μJ), significant
2nd–5th harmonic signals were generated due to the cascaded
χ�2� nonlinear process. As the pump energy increased, the 6th–
8th harmonic signals emerged, with each harmonic’s spectrum
undergoing significant broadening due to SPM.

To demonstrate the powerful broadband QPM capability of
the CPP-TFLN, we measured the output spectra at different

Fig. 3. Output harmonic spectrum in the unpoled TFLN wave-
guide with a pump energy of 1.2 μJ.

Fig. 4. (a) Output spectra of the TFLN waveguide at varying pump
energies. (b) Output spectra at a pump energy of 0.4 μJ for different
pump center wavelengths. Note that each spectrum has been normal-
ized to its maximum value.
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pump wavelengths, as shown in Fig. 4(b). Significant HHG
was observed when the pump center wavelength was varied
from 1800 nm to 2100 nm, consistent with theoretical expect-
ations. Notably, compared to longer wavelengths, shorter wave-
lengths are more tightly confined in the TFLN, resulting in less
energy leakage. This enables more efficient HHG and spectral
broadening under the same pump energy.

4. FURTHER DISCUSSION

In this section, we systematically analyzed all possible pathways
for HHG in the current TFLN system and found that
efficient HHG is not only highly dependent on phase-matched
cascaded χ�2� nonlinear up-conversion processes but also
significantly influenced by cascaded χ�2� phase-mismatched
nonlinear processes. Effective and broadband HHG is

Fig. 5. (a) Variation of the poling period of waveguide B along the propagation direction. (b) The phase-mismatch curves for each HG during the
χ�2� nonlinear up-conversion processes. (c) and (d) The phase-mismatch curves for 4th–6th HG during the χ�3� FWM processes. (e) Schematic
diagram of QPM-THG where individual phase matching conditions for SHG or SFG are not satisfied. The gray arrows indicate phase mismatching.
(f ) The phase-mismatch curves for the direct 4th–6th HG processes. (g) Output spectrum of the TFLN waveguide with a pump energy of 1.2 μJ and
a central wavelength of 2100 nm.
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achieved through the synergistic effects of multiple
mechanisms.

As shown in Fig. 5(a), we conducted experiments on an-
other CPP-TFLN (waveguide B) with a different domain struc-
ture, which provides four distinct RLV bands [Figs. 5(b)–5(d)].
The B1 band only supports SHG and THG for a broadband
pump laser with a central wavelength of 2100 nm. Remarkably,
significant 4th–6th harmonic signals were observed in the
output spectrum [Fig. 5(g)]. This indicates the presence of
additional physical mechanisms and energy transfer pathways,
in addition to phase-matched cascaded χ�2� nonlinear up-
conversion, that contribute to HHG.

Three possible supplementary mechanisms are considered.
Mechanism 1: Direct-HHG, where the ith harmonic is gen-

erated by the absorption of i photons in a single step. However,
χ�4� − χ�6� are nearly zero, rendering their effects negligible, and
such significant 4th–6th HG cannot be attributed to direct-
HHG processes.

Mechanism 2: Cascaded χ�3� nonlinear up-conversion. If the
corresponding four-wave mixing (FWM) process can achieve
phase matching, effective HHG could be realized under high-
peak-power femtosecond pulse pumping. However, as shown
in Figs. 5(c) and 5(d), the RLVs of waveguide B cannot effectively
compensate for the phase mismatch in the 4th–6th HG proc-
esses, thus failing to explain the experimental phenomenon well.

Mechanism 3: Cascaded χ�2� phase-mismatched nonlinear
processes. Previous studies have shown that the generation
of intermediate-order harmonics in cascaded χ�2� nonlinear
processes allows for phase mismatches [25,49,50]. Taking
THG as an example, even if both the SHG process �ω�
ω � 2ω, Δβ1) and SFG process (ω� 2ω � 3ω, Δβ2) are
phase mismatched, effective THG (ω� ω� ω � 3ω,
ΔβTHG) can still be achieved as long as the direct-THG process
is phase-matched [Fig. 5(e)]. In this mechanism, the generation
of each harmonic still essentially depends on cascaded χ�2� non-
linear processes, while phase matching is treated in the same
way as direct-HHG. This supplementary mechanism provides
a satisfactory explanation for the experimental phenomenon. As
shown in Fig. 5(f ), the B2–B4 bands of waveguide B compen-
sate for the phase mismatches in direct 4th–6th HG processes,
thus enabling efficient generation of 4th–6th harmonics.

It is important to emphasize that phase-matched cascaded
χ�2� nonlinear processes remain the primary factor for achieving
efficient HHG, while mechanism 3 mentioned above is the
secondary factor that simply provides an additional energy
transfer pathway. Therefore, in any case, ensuring efficient
SHG must be prioritized in order to achieve effective HHG.

To better illustrate the important influence of phase-
matched cascaded χ�2� nonlinear processes on HHG, we com-
pare the output spectra of the two waveguides. As shown in
Fig. 5(g), since the d eff of the B1 band in waveguide B is twice
that of waveguide A, more efficient SHG and THG are
achieved in waveguide B, resulting in more significant spectral
broadening due to SPM. However, the narrow RLV bands of
waveguide B fail to fully compensate for the phase mismatch in
cascaded χ�2� nonlinear up-conversion processes, lacking addi-
tional energy transfer channels, which ultimately leads to
weaker 5th–8th HG.

5. CONCLUSION

In conclusion, we have demonstrated the efficient simultaneous
generation of broadband 2nd–8th harmonics in a CPP-TFLN.
Notably, the 7th and 8th harmonics extend below the bandgap
of LN (3.4–3.9 eV), revealing deep ultraviolet signals as short as
250 nm, representing the shortest wavelength and highest-
order harmonics ever observed in a submicron-thick TFLN
waveguide. The spectra of the 3rd–8th harmonics seamlessly
merge, forming an octave-spanning supercontinuum covering
the deep ultraviolet to visible spectrum (250–800 nm,
−25 dB), with an on-chip conversion efficiency up to 19%
and a pulse energy reaching 0.23 μJ. This achievement is attrib-
uted to three key factors. First, the specially designed CPP-
TFLN provides broadband RLVs structure, compensating
for phase mismatches in the SHG, cascaded SHG, and
THG processes, thereby enabling efficient conversion of most
of the pump laser energy into high-order harmonics. Second,
the cascaded χ�2� phase-mismatched nonlinear processes serve
as additional energy transfer channels, promoting harmonic
generation. Third, the strong light confinement in the
TFLN significantly enhances the intensity and conversion ef-
ficiency of various nonlinear optical interactions, further broad-
ening the generated harmonic spectra through SPM, ultimately
forming a gap-free broadband supercontinuum. Our work re-
veals the complexity and diversity of nonlinear optical inter-
actions, deepening the understanding of the HHG process.
It provides valuable insights for achieving efficient on-chip
HHG, SCG, and compact short-wavelength coherent light
sources.
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